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A f i l t e r  method of radiometry has been 

developed which gives  a r e l a t i v e l y  high degree of 

accuracy and s p e c t r a l  resolut ion.  A set  of  34 

in te r fe rence  f i l t e r s  covering t h e  range 2800A t o  
27 OOOA is used. 

are handled automatically by a computer and t h e  

f i n a l  r e s u l t s  a r e  presented as a spectral radiance 

curve. The r e l a t i v e  advantages of the  automatic 

f i l t e r  method and i t s  range of a p p l i c a b i l i t y  are 
discussed. 

All t h e  s tages  of  data reduction 

4 INTRODUCTION 

F i l t e r  techniques of radiometry o f f e r  s p e c i a l  advantages 

t h e  ana lys i s  of continuous sources. The instrumentation 

\ i s  compact and r e l a t i v e l y  inexpensive; t he  da t a  can be analyzed 

r ap id ly  and with a f a i r l y  high degree of accuracy; f a i n t  sources 
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and remote sources can be handled without elaborate optical 

in’strumentation or electronic amplification. 

of optical filters and radiation sensors are commercially 

available to suit the widely different problems of radiometry. 

A large variety 

Stebbins and Whitford 1 have discussed a method of using six 

filters each with an appropriate phototube for six color 

photometry of 0 and B stars and the variable star 

Stair 
filters with titanium phototubes for the measurement of atmos- 

pheric ozone. 

& Cephei. 
2 developed a technique of using four cut-off glass 

Filter radiometry is used extensively in 
meteorology for rapid daily measurements of the radiation from 

the sun and the sky; three Schott glass filters have been 
accepted as standard for such measurements by the World 

Meteorological Organization3. 

interference filters with a photomultiplier tube to serve as 

a simple spectrophotometer for the visible range. 

Artom and Gentile4 employed 20 

A rapidly developing area for filter methods is the spectro- 

photometry of space environment simulators. 
testing of spacecraft an important parameter is the equilibrium 
temperature attained by the spacecraft under irradiation from 

the solar simulation source. The carbon arcs, mercury-xenon 

lamps or xenon lamps which are used for solar simulation have 
a characteristic spectral distribution with strong emission 

lines superposed over the continuum. The energy absorbed by 

the spacecraft is given by the integral P al. dX , where 

P A  
absorptance. The absorptance dX , though wavelength dependent, 
does not show the very rapid changes characteristic of atomic 

line spectra, and hence it is not necessary to determine PA 

In the pre-launch 

I x  x 
is the incident spectral radiant flux and dr the spectral 
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with t h e  high degree of wavelength resolut ion,  as can be 

obtained with t h e  laborious conventional method using a mono- 

chromator and a tungsten standard lamp. On t h e  o ther  hand 

t h e  changes i n  the  spec t r a l  d i s t r i b u t i o n  of  t h e  incident  f lux  

during t h e  course of t he  tes t  and a t  d i f f e r e n t  po in ts  i n  the  

t e s t  plane have a s i g n i f i c a n t  e f f e c t  on t h e  equilibrium t e m -  

pera ture  of t h e  test  object. An automatic f i l t e r  method has 

been developed which permits a rap id  and s u f f i c i e n t l y  accurate  

spec t r a l  analysis  of t h e  f luc tua t ions  i n  rad ian t  f lux.  The 

method can be read i ly  adapted t o  severa l  o ther  appl icat ions.  

EXPERIMENTAL PROCEDURE 

Different  types of f i l ters have been t r ied  i n  t h e  course 

of t h i s  invest igat ion.  The w i d e  band pass g l a s s  filters manu- 

factured by Corning, Schott ,  Tiffen o r  Kodak provide a very 

simple approach t o  t h e  problem. 

which have p r a c t i c a l l y  t h e  same long wavelength cu to f f ,  bu t  

have d i f f e r e n t  sho r t  wavelength cu to f f s  o r  v i ce  versa. The 

d i f fe rence  i n  the  s igna l  transmitted by two such f i l t e r s  i s  

proport ional  t o  the r ad ian t  f lux i n  the  range between t h e i r  

wavelength cu tof fs .  By a s u i t a b l e  choice of f i l t e r s  a histogram 

which divides  t h e  spectrum i n t o  8 or 10 broad wavelength bands 

can be obtained. An a l t e r n a t e  approach i s  t o  employ in te r fe rence  

f i l t e r s  which t ransmit  over narrow wavelength bands. Sets of 

t e n  f i l t e r s  a r e  avai lable ,  which have been spec ia l ly  manufactured 

by Eppley Laboratories f o r  mercury-xenon and carbon arcs: they  

t ransmit  shor t  ranges covering selected s t rong groups of t h e  

emission l i n e s  of t h e  respective spectra .  In su f f i c i en t  coverage 

i n  t h e  inf ra red  range beyond 0 . 7 ~  and large unce r t a in t i e s  i n  

t he  method of da ta  analysis  prompted a fu r the r  improvement of 

Sets of  f i l t e r s  may be chosen 



, 

- 4 -  

the method6 which i s  s l i g h t l y  more elaborate ,  i n  t h a t  it 

requi res  a set of 34 in te r fe rence  f i l t e r s  f o r  taking t h e  da t a  

and a computer program f o r  analysing the  da ta  and s u i t a b l y  

present ing the  r e s u l t s .  

here. 

This method w i l l  be b r i e f l y  discussed 

Four of t h e  f i l ters  i n  the range 2800 t o  3900 A are from 

t h e  set of t e n  Eppley f i l t e r s  spec ia l ly  su i t ed  f o r  t h e  mercury- 

xenon lamp. The t h i r t y  others  i n  the  range 3900 A t o  27 000 A 

a r e  manufactured by Optics Technology, Inc., and are commercially 

ava i lab le  under t h e  tradename Spectracoat monopass f i l t e r s .  

The experimental arrangement i s  q u i t e  simple. A thermopile 

is mounted a t  a s u i t a b l e  dis tance from t h e  source of rad ia t ion .  

Fi l ters  a r e  interposed i n  succession i n  f ron t  of t h e  thermopile 

and the  output i s  read accurately a s  possible.  

Northrup K-3 potentiometer which can read vol tages  with an 

accuracy of v o l t  and an Eppley 16-junction silver-bismuth 

thermopile which has a s e n s i t i v i t y  of about 0.25 m i l l i v o l t  per  

mi l l iwat t  cm-2 was found t o  be a highly s a t i s f a c t o r y  combina- 

t i on .  

types of r ad ia t ion  sensors may be employed i f  need be. 

sources w e r e  used, a quartz  iodine lamp of  tungsten coiled coi l ,  

General Electr ic  type DXW-T 4 Q/1 C L - 200 w, c a l ib ra t ed  by 

the National Bureau of Standards as a standard of s p e c t r a l  

radiance, and a 2500 w a t t  mercury-xenon lamp, Hanovia type 

S A H X 2500 B which i s  used for  s o l a r  simulation. The tungsten lamp 

served a s  a check f o r  t h e  accuracy of t h e  method. 

A Leeds and 

D i g i t a l  voltmeters o r  s t r ip  cha r t  recorders and o ther  

Two 

DATA ANALYSIS 

The f i l t e r s  are multi layer d i e l e c t r i c  f i lm f i l t e r s .  Their 

p r inc ip l e  of operation has been discussed i n  d e t a i l  i n  standard 
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textbooks'. 

mately bell-shaped. 

from t h e  known ca l ib ra t ion  of the thermopile can be converted 

i n t o  rad ian t  f l ux  P i  inc ident  on t h e  thermopile surface.  I n  

order  t o  obtain t h e  spec t r a l  radiant  f l ux  Pi inc ident  on t h e  

f i l ters,  we have t o  assoc ia te  w i t h  each f i l t e r  a transmittance 

range x l i  t o  h2i and a f i l t e r  f ac to r  F i  . I f  the t rans-  

and T = 0 f o r  > > 
defined a s  from X l i  t o  

The f l u x  i n  the  range would be Pf = P i  F i  . 
t ransmit tance approximates a gaussian curve, t h e  d e f i n i t i o n s  of 

t h e  range and the  f i l t e r  f a c t o r  a r e  t o  some exten t  a r b i t r a r y .  

The range may be defined a s  t h a t  within which t h e  t ransmit tance 

The transmit tance curve of t h e  f i l t e r  is  approxi- 

The thermopile gives  an output s igna l  which 

2 i  mittance curve  w e r e  a rectangle ,  T = T,,, i f o r  X l i  <X < 1 
t h e  range would be c l e a r l y  2 i  

32i and t h e  f i l t e r  factor F i  = '/TmaX i . 
But s ince  t h e  

i s  over Tmax , where Tmax i s  the  maximum value of T I  o r  exceeds 
2 

an a r b i t r a r i l y  assigned s m a l l  f r ac t ion ,  say 2 percent or 5 percent .  

It w a s  found more s a t i s f a c t o r y  t o  def ine t h e  range by t h e  

following equations: 

* 
where A i  i s  the  wavelength of maximum transmittance f o r  t h e  

i t h  f i l t e r ,  and A I i  i s  t h e  e f f ec t ive  width of t h e  t rans-  

mittance range f o r  t h e  same f i l t e r .  
s 

The e f f e c t i v e  width i s  defined 

as t h a t  of an equivalent f i l t e r  of rectangular  transmittance,  as 

given by t h e  equation TmaX i Ax- 1 = J T A  d ' X  

being the spec t r a l  transmittance.  
'FA 

The f i l t e r  f a c t o r  of each f i l t e r  i s  determined experimentally 
using a standard comparison source which has  a s p e c t r a l  energy 
d i s t r i b u t i o n  s i m i l a r  t o  t h a t  which has  t o  be measured by the f i l t e r  
method. 

I 

L e t  po 
% 

be s p e c t r a l  rad ian t  f l ux  of t h i s  source and pi 
the  energy 
accurately 
dispers ion 

t ransmit ted by the i t h  f i l t e r .  p l  
a t  very c lose  wavelength i n t e r v a l s  
monochromator. pi fo r  each of t h e  

i s  determined 

using a high 
f i l t e r s  i s  
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determined using a sensitive thermopile. The filter factor 

is computed from the relation Fi = 

If Pi is the corresponding transmitted flux from the given 
/-- source to be measured, its total flux in the range of the ith (lllj! ’filter is Pf = Fi Pi . The flux in the range intermediate 

8 
, where ‘i Pp + P! 

Pf + Pi 
.between successive filters is Pfj = pqj 

zi - --‘“A e \  

j., \ \- ~ Pfj = layx d ’x . Thus the filter factors for a given set 

1 of filters and a given type of source having been determined once 
for all, a few simple mathematical operations on a set of thermo- 

pile readings are sufficient to obtain the radiant flux in the 
range of the 34 filters, in 33 intermediate ranges and 2 extreme 

ranges. Dividing the radiant flux by the width of the range, 

we obtain the spectral radiant flux or the ordinates of a spectral 
distribution curve. 

The arithmetical operations are relatively simple, but 
highly repetitive and very time consuming. This is a type of 
problem that can be handled efficiently by a digital computer. 

We have developed a program for a Control Data 160 Computer to 
handle all the stages of data analysis; it is in two parts, 

L 

I the first part for filter factors and the second for spectral 
radiant flux. The input for the first part is transmittance 

of the filters and spectral radiant flux of a mercury-xenon 

lamp at very close wavelength intervals. The transmittance of 
the filters was measuredby a Beckman DK 2 A spectrophotometer 

and was compared with data supplied by the manufacturers. The 

spectral radiant flux was measured by a Leiss double prism 
monochromator, with a standard tungsten lamp as reference and a 

1P21 photomultiplier tube and a lead sulfide tube as detectors. 
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The input for the second part is the set of thermopile readings 

and the calibration of the thermopile. 

part of the output is a graph of the spectral radiant flux 
drawn automatically from the computed values of the flux in 

each of the wavelength ranges. 

The most significant 

A specimen graph for the spectral radiant flux of a 
mercury-xenon lamp operated at 2500 w is shown in Figure 1. 
Each of the flexion points on the graph corresponds to the 

midpoint of the range of a filter or of an intermediate range. 
The ordinates have been normalized so that the area under the 
curve is 1 watt per cm2. 

readily identified with the strong spectral lines of mercury, 

except a few in the near infrared which are due to xenon. 

The automatic filter method has been appliedto a large 

All the peaks in the graph can be 

variety of spectra, of tungsten lamps, carbon arcs and mercury- 

xenon lamps under varying conditions of input power,condensing 
optics, etc. The results show a high degree of internal con- 
sistency. The estimated accuracy is within ten percent. The 
effort involved in developing the computer program is amply 
compensated by the ease and rapidity in the acquisition and 
analysis of the data and the clarity in the presentation of the 
results. 
suit different applications of spectrophotometry. 

The method permits a great degree of flexibility to 
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